1-Methoxy-6-nitroindole-3-carbaldehyde is proved to be a versatile electrophile and reacts regioselectively at the 2-position with various types of nucleophiles providing 2,3,6-trisubstituted indole derivatives. The reaction is applicable for the preparation of a novel pyrimido[1,2-a]indole derivative.
In this paper, we wish to report that 1-methoxy-6-nitroindole-3-carbaldehyde (4) is an excellent substrate for achieving nucleophilic substitution reactions with variety of nucleophiles. Consequently, various types of 2,3,6-trisubstituted indole derivatives become readily available, providing useful building blocks for the syntheses of 1, 2, and 3. Preparation of a novel pyrimido [1,2-a] indole derivative is also reported. Table 1 Yield ( Under similar reaction conditions, pyrrole and indole provided 7b and 7c in 98 and 96% yields, respectively. Imidazole and benzimidazole also reacted with 4 providing 7d and 7e in the respective yields of 97 and 87%. Based on these successful results, we attempted the synthesis of 8, a core structure of 1. As expected, the reaction of N α -Boc-L-histidine with 4 in DMF by the action of NaH as a base resulted in the formation of the desired N α -Boc (3-formyl-6-nitroindol-2-yl)-L-histidine (8) in 94% yield. We next examined NaSMe as a representative of sulfur-centered nucleophile. It reacted smoothly with 4 in DMF to afford 9 in 98% yield. In the next model experiment directed toward the phalloidin synthesis, N-acetyl-L-cysteine reacted successfully with 4 producing the expected N-acetyl-S-(3-formyl-6nitroindol-2-yl)-L-cysteine (10) in 73% yield by the action of NaH in DMF.
As for a carbon nucleophile, we chose dimethyl malonate at first. In the presence of KOtBu in DMF at room temperature, it reacted with 4 to give 11 in 92% yield. Next, in order to prepare a suitable synthetic intermediate for 3, 3-acetylpyridine was allowed to react with 4 by the action of KH in THF. The desired 12 was successfully isolated in 92% yield.
On the other hand, we examined the reaction of 6 with p-chlorophenoxyacetonitrile (13) in the presence of KOtBu in DMF at 0 °C and isolated vicarious 7 product 14 in 67% yield (Scheme 2). It should be noted that, under similar reaction conditions, attempts to convert 4 to 15 by the reaction with 13 resulted in the formation of a novel 4-amino-3-p-chlorophenoxy-2-p-chlorophenoxymethyl-7-nitropyrimido [1,2-a] indole-10-carbaldehyde (16) in 71% yield.
The structure of pyrimido [1,2-a] indole skeleton was determined as follows. First, 16 was converted to 10-methyl compound 17 in 93% yield by the treatment with Et 3 SiH in refluxing TFA. Subsequent reaction of 17 with Ac 2 O-pyridine at room temperature afforded 89% yield of 18. The structure of 18 was determined by X-ray single crystallographic analysis and the results are shown in ORTEP drawing in Figure 4 . To clear the reaction mechanism for the formation of 16, 13 was treated with KOtBu in DMF at 0°C in the absence of 4 resulting in the formation of a 41% yield of 3-amino-2-butenonitrile 19 together with the recovery of 13. Therefore, we can propose the following possible mechanism as shown in Scheme 3. In conclusion, we have demonstrated that 4 is an excellent electrophile and it reacts regioselectively at the 2-position with nitrogen, sulfur, and carbon centered nucleophiles. Since the 6-nitro group can be transformed into variety of functional groups, this methodology could be applied to the synthesis of various types of 2,3,6-trisubstituted indole derivatives and natural products. The formation of 16 suggests that if we treat 4 with nucleophiles having 3-amino-2-butenonitrile like synthon, the construction of new heterocycles would become possible.
EXPERIMENTAL
Melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected.
Infrared (IR) spectra were recorded with a Shimadzu IR-420 and proton nuclear magnetic resonance ( 1 H-NMR) spectra with a JEOL GSX-500 spectrometer with tetramethylsilane as an internal standard.
Mass spectra (MS) were recorded on a JEOL JMS-SX102A or JEOL JMS-AX5 instruments. Optical rotations were determined on a Horiba SEPA-300 spectrometer. Column chromatography was performed on silica gel (SiO 2 , 100-200 mesh, from Kanto Chemical Co., Inc.) throughout the present study. 
N-Acetyl-S-(3-formyl-6-nitroindol-2-yl)-L-cysteine (10) from 4 -A solution of N-acetyl-L-cysteine
(150.8 mg, 0.92 mmol) in anhydrous THF (3 mL) was added to a suspension of NaH (60% suspension in paraffin oil, 74.5 mg, 1.68 mmol) in anhydrous THF (2 mL) under ice cooling with stirring. Stirring was continued at rt for 10 min. After evaporation of the solvent, the residue was dissolved in DMF (3 mL).
Then a solution of 4 (58.0 mg, 0.26 mmol) in anhydrous DMF (2 mL Amino-3-p-chlorophenoxy-2-p-chlorophenoxymethyl-7-nitropyrimido[1,2-a] H, 3.10; N, 10.56. Cl (1) Cl (2) O (1) O (2) (2) 7.76 (7) 6.91 (6) (1) 0.8912 (1) 0.8712 (2) 0.8484 (1) 0.8444 (2) 0.8641 (1) 1.0127 (1) 1.0121(3) 0.9887 (2) 0.9848 (2) 1.109 (1) 1.257 (1) 1.218 (1) 1.093 (2) 1.136(3) 1.144 (2) 0.882 (1) 0.881 (1) 0.910 (1) 0.840 (1) 0.734 (1) 0.803 (1) 0.906 (2) 0.874 (2) 0.830 (2) 0.859(1) 0.974 (2) 1.020(3) 1.034(3) 1.013(2) 0.986(2) 0.948 (2) 0.3008 (2) 0.3804 (2) 0.4286 (2) 0.3983 (2) 0.3184 (2) 0.3459 (2) 0.4215(3) 0.2439 (2) 0.1534(3) 0.269 (2) 0.196 (2) 0.104 (2) -0.000 (2) -0.036(3) 0.040(3) 0.043 (2) 0.111 (2) -0.105 (2) -0.166 (2) -0.037 (2) 0.031 (2) 0.261 (2) 0.400 (2) 
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